1. Eutrophication is a major threat for freshwater ecosystems. Submerged aquatic plants Cmacro-. phytes) can maintain c1ear water conditions in eutrophic lakes by competing with phytoplankton for light and nutrients. The interactions between macrophytes and phytoplankton may lead to indirect facilitation among plants and the maintenance of high macrophyte diversities in eutrophic conditions. Nonetheless, the role of indirect facilitation in promoting macrophyte-dominated c1ear water states under eutrophication has never been demonstrated experimentally despite important implications for these ecosystems. 2. We predicted that Ci) submerged aquatic plants buffer negative consequences of eutrophication by strongly affecting biotic (phytoplankton) and environmental conditions (light, nutrients) in the water column, (ii) competition with phytoplankton results in indirect facilitation among submerged aquatic plants, and (iii) the response to indirect facilitation depends on the tolerance of submerged aquatic plants to light attenuation by phytoplankton. 3. We experimentally simulated eutrophication through fertilization and manipulated the presence of neighbouring plants in a mesocosm. By manipulating the presence of neighbours with and without fertilization, we were able to test whether competitive or facilitative interactions occur during the eutrophication oflakes. 4. Fertilization caused turbid water states by increasing phytoplankton content and light attenuation. The presence of neighbouring plants reduced phytoplankton growth and promoted survival and biomass production ofmacrophytes under eutrophication. 5. Synthesis. Indirect facilitation among plants can buffer the direct negative interactions between aquatic plants and phytoplankton. Indirect facilitation may prevent the dec1ine in aquatic plant diversity of freshwater ecosystems threatened by eutrophication. Because the experimental design used here is comparable to the manipulations frequently carried out across a wide range of terrestrial ecosystems, this study may contribute to the comparison of patterns and processes in aquatic and terrestrial environments.
scale (Carpenter 2005) . The consequence of eutrophication in shallow freshwater systems is not a linear function of the nutrient status (Scheffer et al. 1993) . Rather, at a given ecological condition, two strikingly different alternative states can occur: the first is a clear water state with high biodiversity, dominated by submerged aquatic plants (macrophytes); the second is a more turbid state dominated by suspended phytoplankton (Scheffer et al. 1993; Jeppesen et al. 1997 ) and characterized by low macrophyte abundances (James et al. 2005; Sand-Jensen et al. 2008) , following growth inhibition due to low light availability (Falkowski & Raven 2007) .
Macrophytes are proposed as key elements in the functioning of shallow lakes. They can promote dear water conditions in temperate lakes, through considerable nutrient uptake from the water column and limitation of phytoplankton growth (Scheffer et al. 1993; Jeppesen et al. 1997) . In oligotrophic conditions, competition for nutrients among macrophyte species can be strong, resulting in local dominance of a few species (Gopal & Goel 1993) . Eutrophication prornotes tall and fastgrowing species and can lead to increased direct competition among macrophytes for light and to competitive exclusion (e.g. Sand-Jensen et al. 2008) . However, high macrophyte diversities can be observed in eutrophic conditions, dedining only at the very end of the eutrophication gradient (Hillebrand et al. 2007; Sand-Jensen et al. 2008) . As eutrophieation increases, the maintenance of abundant and diverse macrophyte communities in dear water states may imply that indirect positive interactions (indirect facilitation) between submerged macrophytes arise from the complex network of negative interactions (i.e. competition) between macrophytes and the suspended phytoplankton (e.g. Scheffer et al. 1993) . Facilitation among plants -a key process affecting community structure and ecosystem functioning (Brooker et al. 2008 for review; Gross et al. 201Oa; Maestre et al. 2010 ) -may explain the maintenance ofhigh macrophyte diversities in eutrophic freshwater ecosystems (Scheffer & Carpenter 2003) . However, there is, to the best of our knowledge, no experimental evidence demonstrating the role of indirect facilitation in promoting macrophyte-dominated dear water states under eutrophication.
The occurrence of indirect facilitation may depend on the interplay between two key components: (i) the ability of macrophytes to compete for nutrients with the phytoplankton, i.e. the ability of macrophytes to indirect1y increase light availability (facilitative effect), and (ii) the macrophyte tolerance to shade from both their plant neighbours and phytoplankton, i.e. their ability to benefit from facilitation (facilitative response). Because macrophytes are likely to differ in their shade tolerance, their responses to indirect facilitation should be species-specific. Indeed, recent studies have shown for terrestrial plants that the outcome of plant-plant interactions (direction and intensity) depends on species-specific tolerances (Choler, Michalet & Callaway 200 1; Liancourt, Callaway & Micha1et 2005 ; see also Maestre et al. 2009 for a review). Within a community, only species that have reduced levels of success (hereafter termed species deviation) are likely to benefit from facilitation (e.g. Gross et al. 20IOa) . Applying this relationship between deviation and facilitation to freshwater ecosystems in the context of eutrophication implies that the most intolerant species to light attenuation by phytoplankton are also likely to be those most strongly facilitated by the indirect positive effect of macrophytes on light availability.
In this paper, we aim to experimentally demonstrate the role of facilitation as a key regulatory factor for the maintenance of submerged macrophyte performance (i.e. growth and survival) under eutrophication. We hypothesized that (i) macrophytes compete against each other in oligotrophie conditions, and (ii) they buffer eutrophieation by strongly affecting the environmental conditions in the water column (nutrients, phytoplankton content and light availability). Therefore, we also predict that (ii i) macrophytes positively affect each other (regarding growth and survival) under eutrophication, and (iv) their response to indirect facilitation depends on their tolerance to light attenuation by phytoplankton. To test these hypotheses, we ran a mesocosm experiment for two summers (2008 and 2009) . We chose three widespread species of submerged aquatic macrophytes (Potamogeton perfoliatus, Potamogeton pectinatus and Myriophyllum spicatum) to study the outcome of plant-plant interactions under oligotrophic (non-fertilized) and eutrophic (fertilized) conditions.
Materials and methods

TARGET SPECIES
Submerged aquatic macrophytes are known to be a morphologically and functiona lly diverse group of species, for example, in their use of space and resources in sediment and water (Engelhardt & Richie 2002) . We chose three species of submerged aquatic macrophytes: the monocots P. petfoliatus L. and P. peetillatus L. , and the dicot M. spieatull1 L. for this study. They are all widely distributed in the northern hemisphere and have different morphologies (Gross, Feldbaum & Choi 2002) . They can all grow in monospecific or mixed stands. Potall1ogetoll petfoliatus is a fast-growing species that produces dense canopies (Wolfer & Straile 2004) , occurs in a wide range of eutrophic conditions (Lehmann & Lachavanne 1999) and is a dominant species in many lakes including Lake Constance in Central Europe (Scheffer, de Redellijkheid & Noppert 1992; Schmied er 1997). We chose P. petfolialUs as our neighbour species because this species -due to its production of dense canopies, dominance and tolerance to eutrophication -is expected to strongly interact with the phytoplankton in the water column and to have direct and indirect effects on other macrophyte species.
To measure the competitive or facilitative neighbouring effect of P. petfoliatlls, we selected three different target species: P. petfoliatLls (to test intraspecific interactions) and P. peetillatLls and M. spieatll/11 (to test interspecific interactions). Potamogetoll pectinallls and M. spieatllm can persist in nutrient-rich lakes (Riis & Sand-Jensen 200 I; James e/ al. 2005) . Potamoge/oll peetlna/Lls has filiform leaf morphology and is considered to be a competitive species for nutrient uptake from the sediment (Engelhardt & Richie 2002) . Myriophyllull1 spiea/um is a competitive species with rapid vegetative reproduction (Smith & Barko 1990 ) and is present throughout freshwater ecosystems in the northern hemisphere. This species is an invasive exotic species that is currently a major nuisance in many lakes throughout North America (Chambers, Barko & Smith 1993) .
THE EXPERIMENTAL DESIGN
Our experiment to test the competitive or facilitative effects of P. petfolia/Lls neighbours under eutrophication lasted one growing season and was conducted in both 2008 and 2009 (Fig. I a) . Treatments of fertilization (Iow and high availability of nutrients) and neighbour presence (with and without P. petfoliatLls) were crossed fully factorially to produce four treatment combinations: control
plots (i.e. no fertilization and no neighbour, con), plots with fertilization (+ F), plots with neighbours (+ n) and plots with fertilization and neighbours (+ F + n).
In each year, six plots (diameter = 0.5 m) per treatment combination were established resulting in a total of 48 independent plots (six plots x four treatment combinations x 2 years). Each plot was enclosed by a plastic bag (diameter = 0.5 m, height = 0.9 m; transparent Tricoron; RKW AG Rheinische Kunststoffwerke, Germany) to isolate sediment, water column and plants. All 48 plots received natural, unsterilized sediment from Lake Constance. All plots were placed in an outdoor mesocosm, with a minimum of 0.5 m space between each plot. Allocation of plots to particular treatments was random. The mesocosm was 10.5 m long, 5 m wide and 1.5 m high; the mesocosm was filled with an c. 90 cm depth ofwater from Lake Constance. Circulation of water within plots maintained homogeneous temperatures. Water temperature in the mesocosm showed seasonal dynamics similar to those in the lake's littoral zones (i.e. minimum and maximum temperatures during the experiment occurred in September (14°C) and June (23°C), respectively), but no difference between years occurred (P > 0.05).
To test the competitive 01' facilitative effect of P. peljo/iatus neighbours (i.e. neighbour presence), monospecific stands (henceforth matrices) of P. peljoliatus were established (+ n and + F + n) in early (Fig. I b) . We used apical shoots of established pla nts, reflecting the predominant vegetative propagation in perennial submerged aquatic plants (Engelhardt & Richie 2002) . Apical shoots were collected in early May 2008 and 2009 in Lake Constance. Six apical shoots of similar size (20 cm long) were randomly selected and planted in a regular pattern in the plots. This density reflects the shoot density observed at the beginning of the growing season in Lake Constance (Wolfer & Straile 2004) . Plots were grown for 1.5 months to achieve sufficient biomass to mimic the biomass of P. /Jeljoliatus under field conditions (see Wolfer & Strai le 2004) . Bare soil plots (con and + F) were also installed at this time to To test the effect of eutrophication, + Fand + F + n treatment combinations were prepared by adding one 400-g dose of commercial tree and shrub slow-release fertilizer (15% N , 8% P, 14% K, 2% Mg: Compo) mimicking the high nutrient treatment of Cronin & Lodge (2003) .
Target individuals ofeach species were planted in mid-June. Hence, the experimental duration was from 10 J une to 2 1 September in 2008 (104 days) and from 15 June to 21 September in 2009 (99 days). In each plot, one individual of each target species (P. per/oUatus, P. pectinallls and M . spicatum) was planted resulting in altogether 48 x 3 = 144 target individuals. Before planting, shoots of each target species were standardized by cutting them back to a height of 5 cm. Target individuals were planted either within the matrices (+ n and + F + n treatment combinations) or in the centre of the bare soil plots (con and + F treatment combinations). We assumed that, during the experiment, interactions between the three individua ls of the target species were negligible due to their small biomass as compared to the biomass ofthe P. peljoliatus matrices.
DATA COLLECTION
Impact of treatments on water quality and neighbouring plants
We quantified the interacting effects of fertilization and neighbour presence on the water column (water quality). We measured chlorophyll-a concentration (Chl-a) -a proxy for phytoplankton content and considered as one of the most important compounds detennining light attenuation in water due to phytoplankton (Scheffer 1998 All light measurements were taken with a L1-1400 Quantum Sensor (LI-COR®, LI-COR Corporate Office, Lincoln, NE, USA) under full sun between II AM and 2 PM for six random points per plot.
We sampled the water ofeach plot and ana lysed total nitrogen and total phosphorus content on the 15 September 2009 using a Technicon Autoanalyser II (Bran and Luebbe, Delavan, Wisconsin) after digestion with potassium persulfate.
We measured the total biomass ofneighbouring plants (P. peljolialus matrices) to assess t he impact of eutrophication (fertilization) on the abu ndance of submerged macrophytes, commonly decreasing in turbid states (James el al. 2005; Sand-Jensen er al. 2008) . Total biomass of neighbouring plants was recorded on the 2 1 September 2008 a nd the 2 1 September 2009 in all plots. Neighbouring plants were harvested, and their biomass was determined by drying them at 10°C for 72 h bef ore weighing.
Impact of treatments on targets species
Target species perfonnances (survival and biomass) without neighbours were used to assess individual responses to eutrophication. Surviva l and biomass for all treatments were recorded I year apart on 2 1 September for 2008 and 2009. Target plants were harvested, and their biomass was determined by drying them at 70°C for 72 h befOl'e weighing . Survival of target plants was calculated as a percentage of surviving individuals for each species per fertilization treatment per year, and biomass was averaged per species, per fertilization treatment and per year.
We estimated the tolerance of the three target species to eutroph ication. Eutrophication by fertili zer applicati on and subsequent phytoplankton development may negatively affect the performance (survival and growth) of species intolerant to light attenuation. To quantify the tolerance ofthe target species to light attenuation due to eutrophication, we calculated the natural-Iog-transformed response ratio (In RRcUI.-oph;cal;on, Hedges, G urevitch & Curtis 1999) to test the deviation (i .e. reduction in success). To estimate target species' tolerances solely to eutrophication, In RRcutroph;cat;on (Hedges, Gurevitch & C urtis 1999) was calculated using both survival and biomass data. Ln RRcutrorh;cat;on compares the performance oftarget species grown without neighbours in the control plots (con) and the ferti lized plots (+ F):
Target performances in the fertilized plots (+ F) Average oftarget performances in the control plots (con)
The response of the three target species to biotic interactions (competition or facilitation) , i.e. the proportional change in performance (survival or biomass) due to the presence of neighbours, was qllantified separately for unfertilized and fertilized plots lIsing the natural-Iog-transformed response ratio (In RRnc;ghhours):
In RRnc;ghbours = In Target performa nces with P. perfolialusmatrix Average oftarget performances without P. perfoliatus matrix Values of response ratios are symmetrical around O. No difference from 0 for In RRcutroph;cat;on and In RRuc;ghhours indicates that fertilizer application and the presence of neighbours had no effect on target performances, respectively. Negative va lues of In RRcutrorh;caü<>u _ indicate that fertilizer application had a negative effect o n target perfonnances (intolerant species to light attenuation), i.e. deviation by eutrophication, whereas positive values indicate a benefit of the fertilization treatment on target performances. Negative values of In RRuc;ghbour, indicate competition among plants, whereas positive values indicate facilitation.
DATA ANALYSIS
Impact of treatments on water quality and neighbouring plants -
Chl-a and light attenuation were analysed using a three-way ANOVA with year, neighbour (P. peljoliallls matrices) and fertilization as fixed factors. Data from 2009 for total phosphorus, total nitrogen and N/ P were analysed using a two-way ANOVA with neighbour presence and fertilization as fixed factors. Biomass ofneighbouring plants was analysed for both yea rs using a two-way ANOVA model with fertili zation and year as fixed factors. Ch l-a concentration, light attenuation, total phosphorus, total nitrogen, N/ P and biomass of neighbouring plants were log-tra nsformed before analyses. Residuals ofall statistical models met parametric assumptions of normality and homogeneity.
Impact of treatments on targets species
Survival and biomass without neighbours and In RRuc;ghbour survival and In RRnc;ghbour biomass were analysed using a three-way ANOVA model with year, species and fertili zation as fixed factors. Ln RRcu lrophicatio n survival and In RRcutrophic;tlion biolnass were analysed using a two-way ANOVA model with year and species as fixed factors . One-sample I-tests were used to test significant differences from 0 for
In RRcutro phic,ll ion and In RRn cighb(.Hlr . Survival and biomass were log-transformed before analyses. Residuais of all statisticalmodels met parametric assumptions of normality and homogeneity. All analyses were perfonned using JMP software 5.0. 1 (SAS Institute, Cary, NC, USA).
Results
IMPACT OF TREATMENTS ON WATER QUALITY AND NEIGHBOURING PLANT S
Fertilization strongly increased the Chl-a concentration, the light attenuation, total phosphorus, total nitrogen (Table I , Fig. 2a-d) and the molar N/P ratio ( Table I ). The presence of neighbours reduced the efTect of fertilization, as demonstrated by significant interaction terms in the statistical models for Chl-a, light attenuation, total nitrogen (Table I , Fig. 2a,b,d) and NIP (Table I) . The presence ofneighbours increased total phosphorus in the water column, but no interaction with fertilization occurred (Table I, Fig. 2c ). The presence ofneighbours limited the increase in Chl-a with fertilization (Fig. 2a) and, consequently, also indirectly limited light attenuation (Fig. 2b) . Within the + F + n treatment combination, neighbouring plant biomass significantly affected Chl-a (Chl-a concentration = 114.01 -9.68 x neighbouring biomass, n = 12, R 2 = 0.40, P = 0.04, Fig. 2e ) and light atte nuation (light attenuation = 91.19 -0.92 x neighbouring biom ass, n = 12, R 2 = 0.5 1, P = 0.016, Fig. 21 ). Chl-a concentration and light attenuation did not differ between years, indicating a similar response of variables for the two consecutive years (Table 1) . Likewise, the effects of fertilization and neighbours Table 1 . Results ofthe three-way ANOVA models for the effects ofyear (Y .), neighbour presence (n.), fertili zation (F.) and their interactions on the phytoplankton content (Chl-a) a nd the light interception a nd the results ofthe two-way ANOVA models for the effects of neighbour presence (n .), fertili zation (F.) a nd their interactions on total phosphorus, total nitrogen and NI ? ratio. Significant effects (P < 0.05) are indicated in bold
Light interception Tota l phosphorus Total nitrogen N I ? ra tio on both Chl-a and light attenuation did not difTer between years (Table I) 
IMPACT OF TREATMENTS ON TARGETS SPECIES
Without the presence of neighbours, fertilization significantly decreased both survival and biomass ofthe three target species (Table 2 , Fig. 3a,b) . Negative values of In RRculrophication survival and In RRclI,rophica'ion biomass occurred for all species reflecting the strong negative effects of fertilization on target species performance (Fig. 3c,d ). Because no species efTect was detected for In RRelilrophica,ion survival and In RRell,rophicalion biomass (Table 2) , data from the three target species were pooled to test whether the In RRclI,rophicalion survival and In RRellll'ophicalion biomass difTered significantiy from zero using one-sample t-tests. Negative Ln RRellll'ophication values were significantly different from zero regarding survival (one-sample t-test: t = -8.09, P < 0.0001 , Fig. 3c ) and biom ass (t = -5.72, P = 0.0001, Fig. 3d ), indicating that the performance of all target species was affected by eutrophication, and thus, species have reduced levels of success in term of survival and biomass. No year effect or interaction with other treatments was detected for survival without neighbours or for In RRclilrophicalion survival (Table 2 ). In contrast, a year efTect was evident for In RRclilrophication biomass, and an interaction between year and species was found for biomass without neighbours. There were no efTects of species identity or any interaction efTects of identity with fertilization on In RRncighhollr survival or In RRneighbolir biomass (Table 2) . Thus, species were pooled to test whether In RRncighbollr survival and In RRncighbolll' biomass difTered significantly from zero with and without fertilization using one-sample t-tests. Without fertilization,
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In RRncighhoul' va lues for both survival and biomass were negative (In RRncighbollr survival < 0, t = -2.58, P = 0.014, Fig. 3e ; In RRncighbollr biomass < 0, t = -7.76, P < 0.0001, Fig. 3f ), indicating that target species experienced competition. Fertilization significantly increased values of In RRncighbollr survival and In RRncighbolir biomass ( Table 2 ), highlighting that all target species experienced a change in plant interactions (Fig. 3e,f) . As a result, In RRneighboul' was positive for both survival (In RRneighbolll' survival > 0, t = 3.24, P = 0 .003, Fig. 3e ) and biomass (In RRncighboul' biom ass > 0, t = 3.18, P = 0.005, Fig. 3f ), indicating facilitation in the fertilized plots.
Discussion
Eutrophication commonly results in increased competltlOn and species loss (e.g. Suding et al. 2005; Sand-Jensen et al. 2008) . Although the role of positive interactions in shaping communities has been recognized (see Brooker et al. 2008 for a review), there is, to the best of our knowledge, no evidence of their impact in aquatic ecosystems threatened by eutrophication. Here, we demonstrated experimentally the effect of indirect facilitation in maintaining individual performance (survival and biomass production) ofthree macrophyte species under eutrophication. Our results support the proposal by SchefTer et al. (1993) and SchefTer & Carpenter (2003) that 'submerged plants can enhance water clarity, thus improving the light for their underwater growth' and highlight the importance of positive interactions between macrophytes in mediating the efTect of eutrophication in freshwater ecosystems. Furthermore, one of the challenges of studying facilitation is reproducing stressful conditions in which positive interactions tend to occur. Greenhouse and controlled experiments typically place plants in idealized conditions where facilitation is unlikely to occur. Here, we demonstrate the occurrence of positive interactions in a controlled experiment (see also Callaway & King 1996; Espeland & Rice 2007 in greenhouse experiments), highlighting a promising approach for further investigations into the role of facilitation in freshwater communities and ecosystems. In RRncighbo urs Survival Biomass survival biomass survival biomass M. spie., Potamogeton peetinatus: P peet. and Potamogeton peljoliatus: P. pel!) (means ± SE) in unfertilized (white bars) and fertilized conditions (black bars), the Ln RRc lll<oph;cal;oll for survival (c) and for biomass (d) (grey bars) and the In RRllc;ghbours for survival (e) and for biomass (f) in unfertilized (white bars with dots) and fertili zed conditions (black bars with dots) (n = 6).
Fertilization has a complex effect on the water column by altering the outcomes of biotic interactions. Fertilization resulted in a substantial burst of phytoplankton growth (224 ± 31.75 llg Chl-a. L -I), increasing light attenuation and the NIP ratio (above the Redfield ratio: P limitation, Redfield 1958), negatively impacting neighbouring plants and resulting in a heavily eutrophic (eu-hypertrophic) state. Without neighbouring plants, survival and biomass of all the target species were strongly affected by fertilization (Fig. 3c,d ). These results are consistent with previous studies showing that an increased nutrient loading and the subsequent increase in light attenuati on due to the growth of phytoplankton (Falkowski & Raven 2007) can impact submerged aquatic plant communities (James el al. 2005; Sand-Jensen el al.2008) .
However, neighbours limited the increase in total nitrogen in the fertilized treatment (Fig 2d) through a considerable nitrogen uptake from the water column (see also Meijer el al. 1994) . Although neighbouring plants increased total phosphorus, Iikely due to their capacity to release it from the sediment to the water column (Stephen, Moss & Phillips 1997) , this was not translated into an increase in phytoplankton. The molar NIP ratio in the + F/ + n treatment (+ F + n: 12.35 ± 3.50) was below the Redfield ratio; this suggests a nitrogen limitation for phytoplankton growth, which is often observed at high phosphorus concentrations in freshwater systems (McCauley, Downing & Watson 1989; Moss, McGowan & Carvalho 1994) . Hence, the decrease in total nitrogen Iimited phytoplankton growth and light attenuation, leading to indirect facilitation among macrophytes. Indirect facilitation promoted the performance of target plants under eutrophication and thus can be considered an important driver for aquatic plant communities.
Besides phytoplankton, other algae such as periphyton developing on macrophyte leaves likely played a role in our experiment for macrophyte responses. By increasing light attenuation at the leaf surface, periphyton may have contributed to the decrease in neighbour performance and effect on target plants under eutrophication. However, neighbours were still able to indirectly faci litate target plants.
Interspecific (M. spicalum and P. peclinalus) and intraspecific (P. peljolialus) positive interactions increased with increasing light stress, i.e. productivity. These results apparently contradict the prediction that competition increases with productivity (e.g. Grime 1973; Hautier, Niklaus & Hector 20 10 in terrestrial systems; Sand-Jensen el al. 2008 in aquatic systems). However, similar changes in plant interactions with increased productivity can be observed in terrestrial ecosystems. First, these changes can result from interactions with other trophic levels, such as herbivores (Bertness & Callaway 1994) . Highly productive environments generally support higher herbivore densities (e.g. Oksanen & Oksanen 2000) . Increased herbivore densities limit light competition from tall , dominant species (Grime 1973; Connell 1978) , i.e. alleviate competitive exc1usion (release from competition, Grubb 1977) . Secondly, changes in plant interactions can result from indirect facilit ative effects. At high herbivore densities, indirect facilitation can occur as a result of neighbouring plant protection (Bertness & G:allaway 1994; Brooker & Callaghan 1998) , through either the occurrence of biotic refuges (physical barrier such as spine presence, Callaway 1995) or associational avoidance (see Milchunas & Noy-Meir 2002 for a review). Indirect facilitation by associational avoidance has also been recently demonstrated among macrophytes in heavily grazed freshwater ecosystems (Le Bagousse-Pinguet, Gross & Straile 2011) .
In contrast to these commonly discussed mechanisms of facilitation in productive environments, the facilitative plantplant interactions occurring in response to fertilization in our study are the result of a network of negative interactions for both light and nutrient acquisition. Similar mechanisms may occur along productivity gradients in terrestrial systems, particularly where water is a non-limiting resource and where productivity is mainly driven by nutrient availability (e.g. Tilman 1982; Gross et al. 2009; Liancourt, Viard-Cretat & Micha1et 2009 ). In such terrestrial systems, slow growing species could prevent the establishment of fast-growing, competitive species in a fashion similar to that observed in our freshwater system (e.g. Liancourt, Viard-Cretat & Michalet 2009; Gross et al. 20 lOb) : slow growing species (analogous to macrophytes) Iimi t nutrient availability for fast-g~owing species (analogous to phytoplankton) and thus retain their dominance despite increasing nutrient avai lability. Notably, indirect interactions are mostly studied across trophic levels (as discussed above). Indirect interactions within the same trophic level are generally understudied and, as a consequence, potentially underestimated. Our results highlight that indirect interactions within a trophic level can strongly affect the outcome of plant-plant interactions and that further . studies should examine these potential indirect effects as important processes for the structuring of plant communities.
Our study highlights that deviation (Ln RRe ll,rophicaLioll), i.e. the level of stress experienced by a species, mirrors the positive outcome of plant interactions. The three target species were equally deviated due to induced light stress by phytoplankton development in response to eutrophication (see biotic induced stress in Grime 1973). Likewise, biotic interactions shifted for all target species in a sim ilar way, i. e. from negative to positive interaction' s with eutrophication. Species' responses to plant interactions have been shown to be strongly influenced by their stress-tolerance abilities (i.e. shade tolerance in our case) (Liancourt, Callaway & Michalet 2005) . The possibility of using a species' sensitivity to stress or disturbance to predict the outcome of plant interactions was first proposed with respect to abiotic severity gradients. Previous studies in subalpine (Choler, Michalet & Callaway 2001; Gross et al. 2010a ) and species-rich calcareous grass lands (Liancourt, Callaway & Micha1et 2005) have illustrated the relationship between deviation and responses to plant interactions with increasing abiotic stress. Here, we suggest that it equally applies in the context of stress induced by an external biotic agent (i.e. phytoplankton). A similar pattern has also been recently reported in forests in wh ich trees facilitate seedlings by competing with vegetation growing underneath the canopy of adults (Saccone et al. . 2010 ).
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Declines in species richness and abundance with nutrient loading have been reported in terrestrial (e.g. Suding et al. 2005) and aquatic ecosystems (e.g. Sand-Jensen et al. 2008 ).
These declines in species richness are usually attributed to an increase in competitive interactions in both terrestrial and aquatic systems, i.e. competitive exclusion (Suding et al. 2005) . However, fertilization has been recently shown to enhance species richness in aquatic ecosystems in meso-eutrophic conditions (James et al. 2005; Hillebrand et al. 2007 ) with a drop in species richness only occurring in highly eutrophic conditions (e.g. Sand-Jensen et al. 2008) . The occurrence of indirect facilitation may explain such a pattern. The net positive outcome of plant interactions observed in our fertilized treatment illustrates that the benefit of indirect facilitation overcomes the negative effects of increased competition between submerged plants and light stress induced by phytoplankton. Facilitation among macrophyte species may prevent the decline in species richness and abundance due to competitive exclusion and increasing competition-induced stress under eutrophication as observed along abiotic stress gradients in terrestrial ecosystems (e.g. Species richness of terrestrial ecosystems is also known to drop at the very end of stress gradients, partly due to the collapse of positive interactions (Michalet et al. 2006) . Further experiments are needed in aquatic ecosystems to test whether the drop in species richness occurring at the very end of the eutrophication gradient is also the result of a collapse of indirect facilitation.
This study experimentally demonstrated the effect of positive interactions between macrophytes in maintaining plant performance and suggested an important role of indirect facilitation fo freshwater ecosystems threatened byeutrophication. Indirect facilitation among submerged aquatic plants may play an important role in the maintenance of clear water states and driving thresholds of regime shifts. Therefore, we particularly advocate moving beyond a two-Ievel experimental study to clarify the potential key role of facilitation in driving alternative states (Scheffer & Carpenter 2003) . Studying the consequences of facilitation in freshwater ecosystem may (i) make important contributions to elucidating the relationship . between biotic interactions, community dynamics and ecosystem maintenance and (ii) contribute to 'cross-environment comparisons for developing general models of ecology' (Brooker & Callaway 2009 ).
